Introduction
The goal of this study is to find out the quantitative difference between the economic growth of the European Union (EU) members states with a non-Communist past and that of the Central and Eastern European states with a Communist past. The results of such a study could definitely be the subject of a further qualitative analysis.
The EU consists of 28 member states, 12 of which have a Communist past. These include Bulgaria, Croatia, the Czech Republic, Estonia, Hungary, Latvia, Lithuania, Poland, Romania, Slovakia and Slovenia. We are deliberately avoiding the established terminology according to which the geographic area comprising these states is called Central and Eastern Europe. We shall call this group of countries the post-Communist states of the EU in order to compare economic growth as is characteristic to the non-post-Communist and post-Communist countries of the EU given the features of their past economic development. In order to broaden the scope of comparison between the EU members states with and without Communist pasts, this study also includes six Eastern Partnership (EP) states -Armenia, Azerbaijan, Belarus, Georgia, Moldova and Ukraine which are also post-Communist countries.
In order to assess the economic growth indicators more or less objectively, we will use the data of the World Bank from before the start of the global financial and economic crisis and from a period maximally removed from that point. More specifically, the analysis will be done for the years 2006 and 2016. With this approach, we tried to maximally exclude the influence of the crisis on the economic growth of the countries included in the study. It should also be pointed out that the gross domestic product (GDP) data of various countries is in international dollars, taking its purchasing power parity (PPP) into account.
Before we move to directly discussing the economic growth indicators of the aforementioned countries, it is necessary to underscore that the frontier growth 1 as such is only characteristic to the United States and some Asian countries. 2 Unfortunately, only some of the EU states have the potential of catching up 3 with Denmark, Finland, Germany, Luxembourg, Sweden and the Netherlands 4 standing out.
The countries which are characterized as extremely falling behind are a separate problem when, unfortunately, their national innovation systems are in so much of an embryo state (or do not exist at all) that not only can there be no talk of using innovative technologies but the transfer/use of imitating (meaning something already created) technologies is almost impossible as well.
The Catch-Up Effect Problem
As is well known, the indicator (r) is used in order to measure economic growth which expresses the ratio of the real GDP change (meaning the difference between the reporting period (Y This indicator is used by economists to measure the economic growth of a given country and also how the economic growth indicator changes over the years.
Using these indicators, it is impossible to compare two or more countries. More specifically, in this case, due to diminishing returns on capital and with all other things being equal, it is possible to achieve a higher economic growth rate in countries with a lower level of economic development than in countries with higher levels of economic development. This fact is called the Catch-Up Effect.
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If we consider the economic growth rates 6 of the EU member states as well as those of the EP states, it is easy to notice that generally in the postCommunist countries and especially in 2006, just before the global crisis, their economic growth was clearly higher than in other EU member states (see Table 1 ). Based upon Table 1 and due to the catch-up effect, it is practically impossible to determine which countries are characterized with catching up growth with regard to EU economic growth and which have the coattail growth or are falling behind. 7 For example, the fact that Azerbaijan had the highest actual economic growth in 2006 (34.5%) does not mean that Azerbaijan necessarily had frontier growth.
It is quite clear that the economic development levels of the countries presented in Table 1 are different, for example, by the fact that the past (and in some cases the present, too) of the post-Communist countries is burdened with a necroeconomy. 8 Hence, given a lower starting point (in which the post-Communist states found themselves due to their level of economic development), it is easier for post-Communist countries to achieve high economic growth due to the catch-up effect than it is for nonpost-Communist countries.
The level of economic development is usually assessed through the GDP per capita. It is clear that this indicator is very different if we compare the EU member states to the EP countries (see Table 1 ). 9 Hence, in order to be able to compare the economic growth indicators of the countries with different starting points in terms of economic development, it is necessary to exclude the catch-up effect which can be achieved, for example, by using the method based upon the hypothesis of proportional overlap. 10 More specifically, let us agree on the level of hypothesis that the more economically developed a country is as compared to another one, the more difficult it is for the first country to achieve the same level of economic growth which is achieved by the second country.
If we use N to signify the population of a given country, then the GDP per capita (y) will be Stemming from the essence of the hypothesis of proportional overlap of the catch-up effect, the proportional overlap coefficient of the catch-up effect shows how many times the GDP per capita for i country ( ) exceeds the same indicator of a j country ( ):
At first glance, it is better to take a country with the biggest GDP per capita (in our case, Luxembourg) as the i country (or, provisionally, the Etalon country), making it more difficult for this country to achieve a high level of economic growth. It must be noted that it is also acceptable to take the respective indicators of any other country to set as the Etalon country as the ratio of the final results (meaning the adjusted economic growth indicators) does not change due to the invariance theorem.
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Given the goals of this study, it is logical to take the GDP per capita of the EU ( ) as the Etalon indicator as in this case it will enable us to compare both the EU member states as well as those of the EP to the EU's economic growth and its level of economic development. Hence, for the goals of this study, the proportional overlap coefficient ( ) will be These coefficients are presented in Table 2 . The parameters given in this table show how many times the GDP per capita of the EU is more or less as compared to the respective indicators of the individual countries. 
Adjusted Economic Growth
Taking into account that the actual economic growth of a country j was , while the ratio of the economic development level of the EU with that of the country j is , it follows that the adjusted economic growth of the country j ( ), taking the proportional overlap hypothesis of the catch-up effect into account, will be
In other words, does not show the actual economic growth of a country j but, rather, its adjusted indicator, taking into account the difference between the economic development levels of the EU and the country j. The adjusted economic growth data are presented in Table 3 . If we compare the adjusted economic growth data in Table 3 with the actual economic growth data in Table 1 , we will find essential differences.
Basing upon the adjusted economic growth indicators, in order to clearly imagine the quantitative differences between the non-post-Communist countries of the EU, the post-Communist countries of the EU and the EP states, it is advisable to present these indicators graphically. For this, it is necessary to rank the levels of the economic developments of each given country with regard to the level of the EU's economic development. For this purpose, we will divide the GDP per capita by individual country by the respective EU indicator ( )
The appropriate indicators are presented in Table 4 . 
Graphical Representation
In order to represent the adjusted economic growth data of the countries as well as their level of economic development on a graph, we will take the ratio of the GDP per capita by country to the same indicator of the EU on the abscissa axis and the data adjusted basing upon the proportional overlap hypothesis of economic growth ( ) on the ordinate axis. On every graph presented below, 1 on the abscissa axis corresponds with the GDP per capita of the EU according to which the same indicators of every country are ranked while for the 2006 graphs we see the EU economic growth rate -3.3 and for 2016 -1.9 on the ordinate axis (see Tables 1 and  3 ).
Graphs 1 and 2 depict the indicators of the adjusted economic growth rates of the non-post-Communist countries of the EU as well as the GDP per capita rankings as compared to the EU.
Graph 1

Adjusted Economic Growth of the Non-Post-Communist Countries of the EU and their Level of Economic Development as Compared to that of the EU in 2006
Graph 2
Adjusted Economic Growth of the Non-Post-Communist Countries of the EU and their Level of Economic Development as Compared to that of the EU in 2016
Both of the graphs include the names of only some of the countries as otherwise it was impossible to render a clear picture due to the dense positioning of the dots representing the countries.
Even after excluding the catch-up effect, both graphs clearly show that Luxembourg and Ireland have especially high levels of economic growth. In terms of economic development, Spain, Cyprus, Italy, Malta, Greece and France have clear problems; however, for 2016, even after excluding the catch-up effect, Spain, Cyprus and Malta have encouraging economic growth.
After excluding the catch-up effect in the post-Communist countries of the EU (Graphs 3 and 4) as well as the EP states (Graphs 5 and 6), we have a no less interesting picture.
Graph 3
Adjusted Economic Growth of the Post-Communist Countries of the EU and their Economic Development Level as Compared to that of the EU in 2006
Graph 4
Graph 5
Adjusted Economic Growth of the EP States and their Economic Development Level as Compared to that of the EU in 2006
Graph 6
Adjusted Economic Growth of the EP States and their Economic Development Level as Compared to that of the EU in 2016
Graphs 3 and 4 make it clear that based on a ten year interval, in 2006 and 2016, only Slovakia, Slovenia and the Czech Republic from the postCommunist countries of the EU had clearly defined and relatively high economic growth while other countries showed no such stability with the economic growth indicators of Hungary and Croatia pointing to a clearly defined falling behind.
It is clear that in order to diagnose what type of economic growth the abovementioned countries have, it is not enough to merely exclude the catch-up effect -it is necessary to use a whole system of indicators. 12 In addition, it is advisable to take a more-or-less lengthy time period in order for the economic growth trends to be better revealed. It is no less important that from this time period, the points of global or regional economic and crisis periods be excluded so that the crisis does not distort the image of the economic growth type under consideration.
In this regard, the adjusted economic growth indicators of the EP states are even more troubling (see Graphs 5 and 6).
Both in 2006 as well as in 2016, the EP states seriously lag behind the indicators of the EU when it comes to the level of economic development.
Even after excluding the catch-up effect for 2006, only Azerbaijan can be singled out due to its high level of economic growth; however, this does not mean that this country can be characterized by catching up. If we remember that the economy of Azerbaijan is characterized by the production and exports of oil and gas (in which terms 2006 was also a special year 13 ), it is undeniable that the economic growth type of this country is coat-tail growth. The reduction of oil prices on the world market had quite painful results for the economy of Azerbaijan which was one of the important reasons for the economic recession of 2016.
It can be concluded unequivocally that the EP states are not characterized by catching up at all and, unfortunately, the type of their economic growth is either falling behind (maybe even extremely falling behind) or coat-tail growth. In order to tell which one has which, it is necessary to study the main features of individual economies.
Conclusion
Excluding the catch-up effect is of special importance in making a quantitative assessment of the differences between the economic growth of the EU countries with a non-Communist past and those states of Central and Eastern Europe that did have a Communist past. For this purpose, the method based upon the proportional overlap hypothesis can be used.
After excluding the catch-up effect, it became even clearer that not all countries of the EU with a non-Communist past have relatively high economic growth rates. These countries include Italy, Greece, France and Portugal.
After excluding the catch-up effect, the most promising economic growth in the post-Communist countries of the EU can be found in Slovakia, Slovenia and the Czech Republic.
Unfortunately, the economic growth types of the EP states are not satisfactory. It is clear that characteristic to these countries are falling behind (or, more accurately, extremely falling behind) and coat-tail growth.
In order to study the economic growth type for each country with more precision, after the catch-up effect is excluded, the use of a special system of indicators is necessary.
